Urban tree cover Rural tree cover State tree cover Urban impervious cover Rural impervious cover State impervious cover a b s t r a c t Using aerial photograph interpretation of circa 2005 imagery, percent tree canopy and impervious surface cover in the conterminous United States are estimated at 34.2% (standard error (SE) = 0.2%) and 2.4% (SE = 0.1%), respectively. Within urban/community areas, percent tree cover (35.1%, SE = 0.4%) is similar to the national value, but percent impervious cover is significantly higher (17.5%, SE = 0.3%). Tree cover per capita in urban areas averaged 377 m 2 /person, while impervious cover per capita averaged 274 m 2 /person. Percent tree cover in urban/community areas tends to be significantly higher than in rural areas in several predominantly grassland states, with the greatest difference in Kansas (+17.3%). Most states in more forested regions exhibited a decrease in tree cover between urban/community areas and rural lands, with greatest difference in Kentucky (−37.9%). These changes in tree cover varied significantly among states, illustrating the roles of urban development patterns, management/planning interactions, and the natural environment on creating cover patterns exhibited in urban areas. Understanding these forces and patterns can lead to better planning and management activities to optimize the mix of tree and impervious cover to sustain urban functions while enhancing environmental quality and human health in urban areas.
Introduction
Tree canopy and impervious surface cover affect ecosystem services provided by a landscape. These cover elements play particularly important roles in cities and towns in terms of their impacts on the physical and socio-economic environment, and, consequently, human health and well-being in these areas. Trees not only provide numerous economic and ecosystem services and values to a community, but also incur various economic or environmental costs. Trees supply ecosystem services associated with air and water quality, building energy conservation, moderation of air temperatures, reductions in ultraviolet radiation, and many other environmental and social benefits (e.g., Dwyer, McPherson, Schroeder, & Rowntree, 1992; Kuo & Sullivan, 2001; Nowak & Dwyer, 2007; Westphal, 2003; Wolf, 2003) . Costs associated with trees can be both economic (e.g., planting and maintenance, increased building energy costs) and environmental (e.g., pollen, volatile organic compound emissions) (Nowak & Dwyer, 2007) .
Likewise, impervious cover plays an important role in the landscape, particularly in developed areas. These surfaces, such as roads, buildings, sidewalks, and parking lots, facilitate transportation and provide shelter, but also can negatively impact the environment. Increased impervious surface area can enhance local tempera-tures and heat islands effects (Heisler & Brazel, 2010; Oke, 1989) , which consequently affects building energy use, human comfort and health, ozone production, and pollutant emissions.
Impervious surfaces impede water infiltration rates (Hamilton & Waddington, 1999; Pitt & Lantri, 2000) , and reduce percolation, water table levels, and stream baseflow regimes (Faulkner, Edmonds-Brown, & Green, 2000; Lerner, 2002) . Removal of forest cover and/or increased impervious area due to urbanization is known to increase stream flow and peak runoff in streams (Leopold, 1968; National Research Council, 2008) . These changes in stream flows can lead to flooding, soil erosion, and sedimentation in streams (Anderson, 1970; McMahon & Cuffney, 2000; Paul & Meyer, 2001; Rose & Peters, 2001; Urbonas & Benik, 1995) . As the volume of urban stormwater runoff increased throughout the United States from the increase in impervious surfaces, the quality of surface runoff has degraded substantially (U.S. EPA, 1983) . Poorer water quality and increased temperatures due to impervious surfaces can significantly impact human health.
Quantifying tree and impervious cover within the United States is important for understanding the magnitude, distribution and variation of these landscape attributes nationally. By quantifying these cover attributes, better estimates of the impacts of these landscape cover elements can be ascertained, and improved landscape planning and management can be initiated. Understanding how cover types vary among states can also support the development of optimal cover recommendations to sustain natural ecosystem functions in urban areas.
Various estimates of tree and impervious cover in the United States have been made in the past, often based on satellite data. The most recent estimates of tree and impervious cover estimates are based on the 2001 National Land Cover Database (NLCD) that provides free, 30 m resolution, percent tree canopy and percent impervious cover values for the conterminous United States derived from circa 2001 Landsat 7 imagery (MRLC, 2010) . However, NLCD estimates of tree cover tend to underestimate tree cover, relative to photo-interpretation estimates, in the conterminous United States by an average of 9.7% (SE = 1.0%) and impervious cover by 1.4% (SE = 0.4%) with underestimates varying by region (Nowak & Greenfield, 2010) .
Google Earth ® imagery provides a good means to assess overall cover as it offers nearly complete coverage of the conterminous United States with interpretable aerial images. The purpose of this paper is to determine the magnitude and variation in tree and impervious surface cover among states using aerial photointerpretation, and to quantify how these cover types vary overall and within and among rural and urban/community defined areas.
Methods
To determine the percent tree and impervious cover in the United States, photo-interpretation of Google Earth ® imagery was conducted. This interpretation was done in various stages based on the area being analyzed: (a) a sampling of the urban/community area in the conterminous United States was conducted, (b) the conterminous United States was interpreted within 65 NLCD mapping zones (Nowak & Greenfield, 2010) to determine cover in rural areas, and (c) an analysis of rural and urban/community areas in Alaska and Hawaii was conducted.
Photo-interpretation
Within each area of analysis, random points were laid and interpreted to classify the cover type of each point on the Google Earth ® image. Trained photo interpreters with experience interpreting leaf-off and leaf-on imagery classified each point as trees/large shrubs (yes/no), impervious surface (yes/no), or as a non-interpretable image. As tree and impervious cover designations are not mutually exclusive (e.g., tree cover over sidewalk or road), the photo interpreters were instructed to determine if the tree canopy covered an impervious surface, in which case it was classified as both tree and impervious. Most points (99.6%), exclusive of Alaska and Hawaii, fell on images that were readily interpretable with a resolution of approximately 1 m or less. Points falling on imagery with medium to coarse resolution (e.g., 30 m resolution) or with atmospheric obstructions (clouds) were considered non-interpretable and not included in the final analysis. This relatively minor omission of points should not lead to any bias (excluding Alaska) as the non-interpretable points were scattered throughout the United States. Dates of Google Earth ® imagery were circa 2005 and had varying dates.
Within each analyzed area, the percentage of tree or impervious cover (p) was calculated as the number of sample points (x) hitting the cover attribute divided by the total number of interpretable sample points (n) within the area of analysis (p = x/n). The standard error of the estimate (SE) was calculated as SE = p(1 − p)/n (Lindgren & McElrath, 1969) . This method has been used to assess tree cover in many cities (e.g., Nowak et al., 1996) .
Six photo-interpreters were used for these analyses. Photo interpretation results were verified by having a random 10% sample of the points reinterpreted by another photo-interpreter. Generally, the quality control checks resulted in high agreement with the mean percent of agreement of about 95%. Some of the disagreements in audit results were due to image changes in Google imagery between the original interpretation and the audit.
Photo-interpretation of urban/community areas
Photo-interpretation was conducted to estimate tree and impervious cover only within urban/community areas of the conterminous United States. The definition of community is based on jurisdictional or political boundaries delimited by U.S. Census Bureau definitions of incorporated or designated places (U.S. Census Bureau, 2007) . Community lands are places of established human settlement that may include all, some, or no urban land within their boundaries. The definition of urban is based on population density as delimited using the U.S. Census Bureau's (2007) definition: all territory, population, and housing units located within urbanized areas or urban clusters. Urbanized area and urban cluster boundaries encompass densely settled territories, which are described by one of the following:
• one or more block groups or census blocks with a population density of at least 386.1 people/km 2 (1000 people/mi 2 ), • surrounding census blocks with a minimum population density of 193.1 people/km 2 (500 people/mi 2 ), or • less densely settled blocks that form enclaves or indentations, or are used to connect discontinuous areas.
As urban land reveals the more heavily populated areas (population density-based definition) and community land has varying amounts of urban land that are recognized by their geopolitical boundaries (political definition), both definitions provide information related to human settlements and the forest resources within those settlements. As some urban land exists beyond community boundaries and not all community land is urban (i.e., communities are often a mix of urban and rural land), the category of "urban/community" was created to classify the union of these two geographically overlapping definitions where most people live ( Fig. 1 ).
Within urban/community areas in the conterminous United States, 15,000 random points were laid for photo-interpretation of tree and impervious cover. Based on GIS boundaries, each point was also classified as whether the point was within urban land, community land, or both. If the sample size in urban land or community land within each state was less than 100 points, additional points were randomly sampled to reach a minimum sample size of 100 to attain a maximum potential standard error of 5% for these areas.
Estimates of tree and impervious cover in each state were then made for: (1) urban land, (2) community land and (3) urban/community land. In total, 15,299 points were sampled in urban/community land, with 2488 total points in urban land alone, 5856 points in community land alone, and 6955 in areas where urban and community land overlapped. Tree and impervious cover in urban areas were also divided by 2000 U.S. Census urban population to estimate the tree and impervious cover per capita in urban areas in each state. Spearman correlation was used to test for relationships between urban impervious cover and urban tree cover, between urban impervious cover and urban population density, and between urban tree cover and urban population density (alpha = 0.05).
Comparison of urban/community cover with rural cover by state
Photo-interpretation of the lower 48 states was conducted as part of a project to test how well the 2001 National Land Cover Database (NLCD) tree and impervious cover maps estimated tree and impervious cover within 65 mapping zones that cover the conterminous United States (Nowak & Greenfield, 2010) . Within each mapping zone, 1000 randomly located points were converted and transformed into a Google Earth ® compatible format (Google Inc., 2011) for photo-interpretation.
After photo-interpretation of the zones was completed, state boundaries were overlaid on the points to classify each point to its associated state. Because each mapping zone has a different density of points and because parts of different mapping zones could be within a state, each point was classified as to its state/mapping zone combination (e.g., NY, zone 63) and the area of each state/mapping zone combination was calculated using Geographic Information Systems (GIS). For each state/mapping zone combination that did not have a minimum of 50 sample points, additional points were randomly added and interpreted to reach the minimum sample size of 50 points. Additional points were only added to 66 small state/mapping zone polygons to attain the minimum sample size. In total, 66,986 points were interpreted for the conterminous United States. These points were used to determine cover in rural (i.e., non-urban/community areas) areas (n = 62,803) by weighting each state/mapping zone cover estimate and standard error by its zone land area within rural land to estimate the total rural percent cover (tree and impervious) and associated standard error.
To determine tree and impervious cover for each state, rural (n = 62,803) and urban/community (n = 15,299) cover estimates and standard errors were weighted by its land area to estimate the total state percent cover (tree and impervious) and associated standard error (total n = 78,102).
Percent tree or impervious cover and its 95% confidence interval were calculated for rural land and urban/community land in each state. If the confidence intervals between rural and urban/community estimates did not overlap, then the difference between rural and urban/community tree or impervious cover was considered to be statistically significant. Spearman correlation was used to test the relationship between tree cover within urban areas and urban/community areas with overall state tree cover (alpha = 0.05).
Photo-interpretation of Alaska and Hawaii
As Alaska and Hawaii were not part of the original analyses of the conterminous United States, these states were analyzed separately. To analyze these states, 1000 random points were analyzed within urban land and a different 1000 points were analyzed in community areas. After this analysis, each point was classified as to whether it was within urban boundaries, community boundaries, and urban/community boundaries based on GIS census boundaries of these classes. Area of each class was also calculated using the GIS boundary files. Percent cover and standard error (SE) were calculated for each class and then weighted by the class area to produce a total estimate of percent cover and SE for each class type (i.e., urban, community, and urban/community).
For rural land, an additional 1000 points were interpreted. Due to poor image quality, the analysis of Alaska rural area and thus state total cover is not reported, as only 23.5% of the rural points could be interpreted. Also for Alaska, only 53.6% of the points in community land were interpretable, but these points were included in the analysis of community and urban/community cover. In Hawaii, 97.6% of the points were interpretable in urban/community areas and 98.7% in rural areas.
Results
Tree cover in the conterminous United States is estimated at 34.2% (SE = 0.2) or 266.7 million hectares (659.0 million acres). Urban/community areas, which occupy 5.3% of the land area, have comparable tree cover at 35.1% (SE = 0.4) or 14.6 million hectares of tree cover (36.2 million acres) (Table 1) . Including Alaska and Hawaii, national tree cover in urban/community areas is estimated at 35.8% (SE = 0.4) or 17.7 million hectares of tree cover (43.7 million acres). Statewide, percent tree cover is highest in New Hampshire (88.9%, SE = 1.8) and lowest in North Dakota (2.6%, SE = 0.4). In urban/community areas, percent tree cover is highest in Connecticut (67.4%, SE = 3.4) and lowest in Nevada (9.6%, SE = 1.8) (Table 1) . Impervious cover in the conterminous United States is estimated at 2.4% (SE = 0.1) or 18.4 million hectares of impervious cover (45.5 million acres). In contrast, urban/community areas have higher percent impervious cover at 17.5% (SE = 0.3) or 7.3 million hectares of impervious cover (18.0 million acres) ( Table 2) . Including Alaska and Hawaii, national impervious cover in urban/community areas is estimated at 14.9% (SE = 0.3) or 7.4 million hectares of impervious cover (18.2 million acres). State wide, percent impervious cover is highest in New Jersey (12.1%, SE = 1.6) and lowest in Wyoming (0.5%, SE = 0.1). In urban/community areas, percent impervious cover is highest in Nebraska (32.0%, SE = 4.7) and lowest in Wyoming (2.2%, SE = 1.1) ( Table 2) .
Overall, there was no statistical difference between urban/community percent tree cover and rural percent tree cover, but urban/community areas did have significantly higher percent impervious cover (+16.0%) (Table 3 ). However, differences in percent tree cover did vary by state, with nine states having significantly higher percent tree cover in urban/community areas than rural areas, and 26 states having significantly lower percent tree cover. In terms of impervious surfaces, all states showed an increase in percent impervious cover in urban/community land versus rural land in the state, with 46 having a statistically significant increase (Table 3) .
Tree cover per capita in urban areas averaged 377 m 2 and was greatest in New Hampshire (1266) and lowest in Nevada (92). Impervious cover per capita averaged 274 m 2 and was greatest in Idaho (444) and lowest in New York (167) (Table 4). For the conterminous United States, tree cover per capita was 9512 m 2 and impervious cover per capita was 657 m 2 .
Percent tree cover within urban areas and urban/community areas was correlated with overall state percent tree cover (Spearman correlation; r = 0.87 and r = 0.89, respectively). Percent tree cover in urban areas was negatively correlated with urban population density (Spearman correlation: r = −0.43), while percent impervious cover was positively correlated with urban population density (Spearman correlation: r = 0.67). Urban tree and urban impervious cover were negatively correlated (Spearman correlation: r = −0.72).
Discussion

Tree cover
Tree cover in the conterminous United States is an important landscape element, covering over 1/3 of the nation and occupying 266.7 million hectares. Even within urban lands where people and impervious surfaces are concentrated, tree cover is still a dominant element, covering approximately the same percent of land cover (35.0%). A previous urban tree cover study for the conterminous United States, based on advanced very high resolution radiometer (AVHRR) data and Landsat thematic mapper data (Zhu, 1994) , estimated percent urban tree cover at 27%, with urban tree cover highest in forested regions (34.4%), followed by grassland areas (17.8%) and deserts (9.3%) (Nowak, Noble, Sisinni, & Dwyer, 2001) . However this estimate was likely conservative based on the limitations of the AVHRR data (Dwyer et al., 2000) .
Statewide tree cover varies, as expected, based on the local environment (e.g., precipitation, temperature, natural vegetation types). Tree cover within urban areas was correlated with overall state tree cover and negatively correlated with urban population density. Connecticut, Massachusetts and New Hampshire have greater than 60% tree cover in both their urban and community lands. These states have high percent tree cover naturally and have below average urban population densities (U.S. urban population density = 931 people/km 2 ; CT = 655; MA = 802; NH = 506). Thus the naturally forested environment in conjunction lower urban population densities can help enhance percent tree canopy cover. Other factors, such as management programs to enhance tree cover in urban areas also likely play a role in sustaining urban tree cover in these states. The lower population densities may also lead to lower percent impervious cover (Table 2) and allow more space available for natural regeneration in these areas. Dominant factors that affect urban tree cover are surrounding natural environment and land-use distribution (Nowak et al., 1996) . The surrounding natural environment has a substantial influence as it can provide seed sources for new trees and an environment that may or may not be conducive to tree establishment and growth. The land use patterns determine the amount of potential available space for trees (non-impervious cover) and the type of management, planting or natural regeneration that may occur. Thus the mix of tree and impervious surfaces in urban areas is influenced by the social environment in the context of the natural environment.
Natural regeneration can play an important role in urban tree cover. In forested regions where natural regeneration readily occurs, human actions tend to prohibit tree cover through such actions as constructing impervious surfaces, soil compaction, and mowing of lawns. The reduction of these actions could increase tree cover in urban areas within naturally forested regions. Managers often supplement natural regeneration with tree planting and maintenance to sustain urban tree canopy in the United States.
However, in areas where natural regeneration is not common (i.e., grassland and desert areas), much of the urban tree cover comes through human actions of planting and maintenance. The percentage of the urban tree population that is planted is greater in cities developed in grassland areas as compared to cities developed in forests and tends to increase with increased population density and percent impervious cover in cities (Nowak, 2012) . Enhancing tree cover in environments that tend to be precipitation limited involves various costs, both economic and environmental. Planting trees in these environments can produce substantial benefits for the urban population, but often require water or economic resources that may be scarce.
Urban vs. rural tree cover
Urban/community areas showed various differences in tree cover relative to the rural land in the states. In predominantly grassland states, urban/community development tends to increase tree cover, while in forested states it tends to decrease tree cover. In more desert states, tree cover did not change much or only declined slightly. Thus urban development has the potential to increase tree cover as population densities increase in some areas.
Some of the differences in tree cover between rural and urban/community lands may be associated with differences in natural vegetation types across a state (e.g., most states are not entirely forested) and locations of cities within a state. As cities are often located near water sources (e.g., rivers), cities in predominantly grassland states may be developed in areas with naturally higher tree cover (e.g., riparian zones) than more rural areas. Thus some of the differences associated with relatively higher tree cover in urban/community vs. rural lands in grassland states may be due to location, rather than human-influenced tree cover processes (e.g., tree planting) associated with urbanization. Also, agriculture is a dominant land use in rural lands in grassland states, and agricultural processes tend to limit tree cover in rural areas of these states.
Impervious cover
Impervious cover, as expected, is a less dominant cover type nationally (2.4% or 18.4 million hectares), but increases in dominance in urban areas (25.5%). The ratio of tree to impervious cover is about 14:1 nationally, but only about 1.4:1 within urban areas, a 10 fold difference. There were no substantial differences in impervious cover by natural vegetation types, but differences were exhibited based on population density. States with more densely populated areas, typically in the Northeast, tended to have higher percent impervious surfaces. States with greater than 6% impervious surfaces were New Jersey (12.1), Rhode Island (10.9), Connecticut (7.7), Massachusetts (7.4), Florida (6.9), Delaware (6.2) and Maryland (6.1).
Percent urban impervious cover averaged 25%, but can be higher at the city level in densely populated areas. Impervious cover in 20 U.S. cities averaged 43% and was as high as 61.1% in New York City (Nowak & Greenfield, 2012) . Within urban areas, impervious cover was over 30% in 10 states and was a low as 11.6% in Connecticut. One reason for the relatively low estimate of impervious cover in Connecticut could be the high percent tree cover within urban Connecticut (66.5%). Interpreters conducted dual classifications at each point (tree and impervious), but in heavily tree covered areas, the interpreter may not be able to see what is under the tree canopy. Percent impervious cover in urban areas was negatively correlated with percent urban tree cover. Thus, impervious cover estimates are likely conservative, particularly in more heavily tree covered areas.
One potential approach to improve estimation of impervious surface cover is to use leaf-off imagery. Various satellite-based approaches have estimated impervious surface for the United States, but likely underestimate impervious cover. NLCD estimates impervious cover in the conterminous United States at about 1.3%, while another satellite-based study estimated it at 1.1% (Elvidge et al., 2007) . Both of these satellite-based estimates have lower estimates than found in this photo-interpretation-based study (2.4% impervious cover). Part of the reason for this difference may be due to the time period between estimates. Both satellite-based studies were based on data circa 2000, while this study's imagery was circa 2005. Thus new impervious surfaces constructed between 2000 and 2005 could cause part of the difference in estimation, but likely not all. It is possible that satellite-derived estimates have limitations in the estimation of impervious cover that may also be related to tree cover (leaves, branches, shadows) obscuring impervious cover or the relatively coarse resolution of the imagery (30 m to 1 km pixel resolution). As photo-interpreters were asked to record impervious cover beneath tree canopies by looking for clues of impervious cover (e.g., obvious extensions of roads, buildings, parking lots beneath tree cover), there is a chance that interpreters overestimated impervious cover in these cases as they could not directly see beneath the tree canopies. However, it is more likely that interpreters underestimated impervious cover.
Though a relatively small element of cover nationwide, impervious cover can be a significant element in urban areas and significantly affect air temperatures, energy use, water quality and stream flow, and consequently human health and well-being in cities. Percent impervious cover is related to local population density, but various designs can help minimize the environmental impacts of impervious surfaces while still providing the necessary transportation and building needs of an urban population (e.g., pervious paving, green roofs). One of the keys in developing the urban landscape is to understand the social and natural environments and then design and manage with and within nature to sustain optimal benefits for the urban residents, while minimizing costs (e.g., McHarg, 1992) .
Urban land, where relatively high densities of people reside, and community land, which is defined by political boundaries, had similar results in relation to tree cover. However, community areas had significantly lower percent impervious cover (25.5 vs. 18.2%). This lower percent impervious cover is likely due to lower population densities in the community areas (urban population density = 931 people/km 2 ; community population density = 594 people/km 2 ), and therefore less associated development. Impervious cover per capita tended to be highest in states with lowest population densities, indicating that percent impervious cover in urban areas likely increases at slower rates than population density increases. That is, though population density is correlated with impervious surfaces, there is likely some threshold of impervious cover where this cover does not need to increase much to sustain increasingly higher population densities.
Optimal tree cover
One of the key questions in urban landscape design is what is the optimal mix of tree and impervious cover? The answer to this question depends upon a number of factors, including natural vegetation cover, the costs and benefits associated with tree cover in the region, population density, and the interests/needs of local community members. Optimal tree cover in forested regions will likely be higher than in grasslands or deserts. Determining the true optimal tree cover for an area would depend upon a more in-depth analysis of costs and benefits derived from tree cover and community interests in a region, and have not been quantified yet for any region. However, setting of minimal goals for tree canopy cover can facilitate standards and management plans to sustain tree cover and associated environmental services in urban and urbanizing areas.
The data illustrate that tree cover levels above 60% are possible and urban tree cover between 40 and 60% is common in forested states. Thus a minimum 40% urban tree cover goal is attainable in many forest regions. However, at the local scale, as population density and impervious cover increase, lower percent tree cover levels would be expected. Based on the state data, reasonable minimum urban tree cover goals for grassland areas would be 20% and for deserts, 15%. These goals are near the current average cover percentages and should be attainable by most cities as a minimum. More progressive goals to enhance ecosystem services by trees could be set at higher levels than the minimum and still should be attainable by most cities, but at increased environmental or economic costs depending upon location.
The minimum goals described here are based on the results of this national analysis. However, many local factors determine local tree cover, not least of which is human management desires or goals for an area. Thus local managers should set locally specific tree goals based on local conditions, desires and data sets. The national data sets here could help in providing general guidelines for determining local goals and for comparison of average cover among states. Local tree cover goals and associated management plans can help sustain desired tree cover levels and potentially reverse the recent decline in urban tree cover nationally (Nowak & Greenfield, 2012) .
One way to attain an optimal structure of natural and artificial surfaces in an urban area is to quantify the current conditions and then develop a local management plan to attain the desired structure of trees and impervious surfaces. To help quantify the cover types within an area, a no-cost tool (i-Tree Canopy) is available (www.itreetools.org) that allows users to photo-interpret a city using Google Map ® images. This program quantifies the percent cover and associated standard error for each cover class based on interpreter's classification of random points. Photointerpretation is relatively quick, easy and accurate (depending upon the skills of the interpreter), but does not produce a map of the locations of the cover classes, rather just an estimate of the percent or total area occupied by a cover class within a specific geography.
Limitations
Though photo-interpretation provides a relatively simple and inexpensive means to assess tree and impervious cover, there are various limitations to the cover estimates. These limitations generally relate to the ability of the interpreter to accurately distinguish the various cover classes. Differing spatial resolutions and image acquisition dates can potentially affect interpretation, but interpreters could choose to not classify points and 99% of the points were classified as interpretable. Different interpreters can also potentially classify points differently, but quality control checks were in close agreement. Regardless of whether humans classify images or computers are used to derive cover classes, both methods have limitations. Though photo-interpretation is often more tedious and does not produce a detailed cover map, the human ability to distinguish objects can be used to produce accurate cover estimates in a timely fashion through random sampling.
Conclusion
Percent tree and impervious cover differ significantly among states. Urban development increases the amount of impervious cover, but can increase or decrease tree cover depending upon the local environment and human interactions. Urban development in predominantly grassland states tends to increase percent tree cover in contrast to rural lands. Urban development in forested regions tends to decrease percent tree cover relative to rural lands, but the reduction varies among states. These patterns indicate the important role of urban development patterns and social management/planning roles on enhancing or sustaining (reducing the loss of) tree cover in urban areas in the context of the natural environment. Cover data of a city or region can provide a baseline for developing management plans, setting tree cover goals, and for monitoring change through time. As human management is an important factor along with nature in determining the extent of tree cover in urban areas, management plans can be developed to enhance tree cover (and/or reduce impervious cover) and consequently enhance numerous ecosystem services related to human health and well-being. Photo-interpreted data on cover in urban areas and elsewhere can provide an accurate means of assessing cover types and changes in cover through time to help managers and planners make informed decisions on how to better improve local landscapes and the environment.
